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ABSTRACT 
Colorimetry techniques and automated data collection instrumentation were used to evaluate grade 
of black walnut veneer on the basis of sheet color and to identify and classify defects by size. Although 
color measurement readily quantifies veneer color, relatively large differences in color within sheets 
and between sheets within a veneer grade make the usefulness of overall color values in grading black 
walnut veneer doubtful under current grading practices. Differentiation between sapwood and heart- 
wood is easily determined and may have commercial application in veneer clipping operations. 
Colorimetry techniques can detect defects with reasonable consistency, but accurate size classification 
needs more study. 
Keywords: Colorimetry, black walnut veneer, defect detection, veneer grading. 
INTRODUCTION 
Hardwood veneer grading is based primarily 
upon the appearance of the veneer. This is 
especially true for black walnut (Juglans nigra, 
L.) veneer. The grade of walnut veneer and, 
consequently, its value are based upon many 
' Purdue Agricultural Experiment Station Paper No. 
12759. 
appearance factors. The major factors include 
color, uniformity of color, grain patterns, pres- 
ence of defects (type, size, number, and loca- 
tion), amount of sapwood, and veneer sheet 
size. Visual veneer grading is limited by the 
fact that a grader can inspect only for features 
that he has been trained to recognize. Also, 
accuracy and consistency of grading vary with 
the grader's perception of these features, ex- 
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perience, and other factors such as lighting and 
fatigue. Thus, walnut veneer grading is sub- 
jective and may vary widely from one grader 
to the next as well as between veneer com- 
panies. The process seems to work well enough 
on an industry-wide basis; however, it is non- 
standardized, time-consuming, cumbersome, 
and produces variable results. 
In any attempt to improve the current wal- 
nut veneer grading process, some means of 
removing the subjectivity from the current 
grading process must be sought. Ideally, such 
a process would be automated and would pro- 
vide a numerical basis for comparing veneer 
flitch grades and the grades of various sheets 
of veneer within a flitch. An improved process 
would allow grades between companies to be 
compared and, perhaps more importantly, the 
subjectivity of attempting to select a set of sim- 
ilar grades of flitches for a customer from a 
warehouse of flitches or of attempting to color 
match the veneer from a previous order could 
be reduced. 
Although automatic defect detection and 
grading systems have been developed for the 
lumber industry (Conners et al. 1983; Juvonen 
1985; Thunell 1985), investigation of these 
systems showed that none are particularly suit- 
able for use in the veneer industry because they 
do not analyze color, the most important wal- 
nut grading criterion. Color differences be- 
tween defects and clear wood, between early- 
wood and latewood, and between sapwood and 
heartwood in walnut suggest that color analysis 
equipment may be suitable in the grading pro- 
cess. Color analysis equipment is presently 
available and in use in the paint and textile 
industries. Similar techniques to remove hu- 
man subjectivity by quantifying color mea- 
surement may be able to satisfactorily analyze 
the grading criteria to determine walnut veneer 
grades. 
COLOR ANALYSIS 
A HunterLab D25A colorirneter and an in- 
terfacing computer for data recording and 
analysis were used to measure color variables 
of samples of various grades of veneer. To de- 
termine the feasibility of quantitative color 
analysis to effectively evaluate and distinguish 
between the various walnut veneer grading cri- 
teria, this system utilized what is known as the 
L, a, b color system. The L, a, b system is an 
opponent-type color system based on human 
perception of color as light-dark, red-green, 
and yellow-blue signals (Billmeyer and Saltz- 
man 198 1 ; HunterLab Process Monitoring and 
Control Division 1985; Kowlek 1982; Mos- 
lemi 1969). Opponent-type color systems pre- 
sume that a color cannot contain two opponent 
colors simultaneously. For example, a color 
cannot appear red and green at the same time. 
The lightness-darkness of a color is desig- 
nated by an L value, where L ranges from 0, 
for black, to 100, for white. The a value rep- 
resents redness (positive a values), or green- 
ness (negative a values). Yellowness-blueness 
is shown by the b value, positive for yellowness 
and negative for blueness. The L, a, b color 
system has been used to analyze wood color 
and color differences (Moslemi 1967, 1969). 
It has been shown that the L scale is particu- 
larly useful for increasing the precision of mea- 
surements of dark colors (Billmeyer 1969), 
which makes the system appear to be suitable 
for black walnut analysis. The L, a, b system 
was used in this study to obtain quantitative 
color measurements. 
MATERIAL PREPARATION AND PROCEDURE 
Hardwood veneer is graded visually by a 
grader who generally selects three sheets at one- 
fourth intervals throughout the flitch. The 
sheets are chosen to represent the average ve- 
neer characteristics of the entire flitch. Thus, 
a flitch grade is assigned based upon obser- 
vation of three somewhat randomly selected 
sheets. An automated grading process could 
ostensibly grade every sheet and produce a re- 
alistic profile of the flitch. However, for this 
study only the three-sheet samples were used. 
Sample sets of black walnut veneer provided 
by an Indiana veneer company permitted color 
information to be collected on the same ma- 
terial that the grader used to determine flitch 
grade. Each veneer sheet was graded at the 
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time of manufacture and after drying. The ma- 
terial provided a good representation of the 
black walnut veneer grades recognized by this 
particular manufacturer and provided a close 
link between industry practice and research 
objectives. 
Four flitch grades were sampled; each flitch 
grade had several subgrades. Except for the 
lowest grade (for which only one veneer sheet 
was studied), each flitch grade was represented 
by four sheets, two from a flitch at the high 
end of the grade and two from the low end of 
the grade; thus, thirteen veneer sheets from a 
total of seven flitches were chosen for study to 
represent the gamut of color shades and defects 
present in black walnut veneer of commercial 
quality. Since moisture content can affect the 
color of veneer (Brauner and Loos 1968), all 
of the specimens were equalized to a moisture 
content of approximately 7%. In addition, to 
prevent possible color change due to ultravi- 
olet light, all specimens were kept covered when 
not being color processed. 
For ease of handling, each sheet was cut into 
6-inch-long specimens along the grain. The 
specimens of each veneer sheet were adhered 
to a stiff, plain white cardboard backing that 
could be firmly held onto an x-y coordinate 
table to provide precise point location over the 
colorimeter for data reproducibility. The col- 
orimeter had a standard light source, C.I.E. 
illuminant C, and a C.I.E. two degree standard 
observer for consistent color measurement 
(HunterLab Process Monitoring and Control 
Division 1987). 
Two colorimeter viewing port sizes were used 
in the study, %-inch square and l/2-inch square; 
the latter was used for the majority of the data 
collection, and the former was used as a com- 
parative check on accuracy and for defect as- 
sessment. The colorimeter was systematically 
moved in 9'4- or %-inch increments (matching 
port size) over each 6-inch veneer specimen 
to obtain L, a, and b values for an entire sheet. 
In this manner, color measurements could be 
used to reproduce the entire sample. All data 
were automatically recorded on computer disk 
files for subsequent analysis. The number of 
data point locations for each specimen ranged 
from 110 to 396, depending upon sheet width 
and nearness to the end of the veneer sheet 
(less than 6-inch specimen). A total of over 
70,000 individual colorimeter (L, a, and b) 
readings were recorded and analyzed from 262 
6-inch veneer specimens. 
Repeatability of measurement was tested by 
collecting data on all locations within a sample 
and then repeating the measurements on the 
initial data location to see if time lapse or 
equipment shift had an effect on the readings. 
Overall, repeatability was very good; paired 
t-tests indicated that percent change was not 
significant for any color value. The L values 
exhibited the best repeatability over time, 
showing a maximum change of 2.5% from first 
reading to repeated end-of-test reading. 
RESULTS AND DISCUSSION 
Statistical analyses (primarily standard, 
computerized ANOVA statistical routines) and 
discriminate analysis techniques (Netter et al. 
1982, 1985) were conducted to answer the fol- 
lowing specific questions about colorimetric 
grading of black walnut veneer: 
1) Are various veneer sheets within a veneer 
grade similar in color, and are there signif- 
icant differences in mean color between the 
several veneer grades? 
2) Can colorimetry techniques consistently 
distinguish sapwood areas from heartwood 
areas? 
3) Can colorimetry techniques correctly iden- 
tify defects in veneer, and, if so, how ac- 
curate is the identification with regard to 
defect type (knot, hole, or split) and size? 
Comparison of within and between 
veneer grade color 
The importance of heartwood color in wal- 
nut veneer suggests that colorimetry measure- 
ments should provide a means of veneer grade 
separation. Veneer sheets within a grade should 
have a similar color, and all areas within a 
sheet should likewise have a similar color. 
Mean color should be alike among sheets with- 
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in a grade and different between grades. An 
analysis of variance was performed to examine 
three sources of color variability for each of 
the three color readings (L, a, and b). The three 
sources of variation are (1) grade, (2) sheets 
within grade, and (3) individual specimens 
taken from each sheet. For this analysis 
subgrades were used in place of the actual flitch 
grades, giving seven different subgrade values 
(one for the lowest flitch grade and both a high 
end and a low end subgrade for each of the 
other three flitch grades). 
The analysis presented in Table 1 shows sta- 
tistically significant sheet to sheet variation and 
specimen to specimen variation for all three 
color values. A consequence of the large sheet 
to sheet variation (within grade) is that the 
flitch grades are not distinguishable on the ba- 
sis of these color values. Stated another way, 
the samples making up a veneer sheet do not 
have the same average color, and hence color 
differences between grades are not significant, 
i.e., not discernible. 
The magnitude of the variation would in- 
dicate that colorimetry is not a satisfactory tool 
for use in grade discrimination. Also implied 
is the indication that perceived color differ- 
ences between grades are not real, or that color 
is often overshadowed in grading by other fac- 
tors. The color differences between the high 
end of one grade and the low end of the next 
higher veneer grade, as was measured in this 
study, are rather subtle. These results are sim- 
ilar to those shown by Moslemi (1967) and 
Phelps et al. (1983). Thus quantitative color 
measurements are of limited usefulness in 
grading black walnut veneer. 
Delineation of sapwood and heartwood 
Logically, heartwood color is more impor- 
tant than sapwood color in black walnut ve- 
neer; sapwood material is usually removed in 
secondary manufacture. The color difference 
between sapwood and heartwood (Anon. 1956; 
Brauner and Loos 1968; Kowlek 1982; Phelps 
et al. 1983), suggests that color information 
can delineate between the two. To test this 
hypothesis, sapwood and heartwood regions 
were visually delineated on each sheet. Color 
values measured on the samples with %-inch 
viewing port were grouped into sapwood and 
heartwood for each sample based upon the ini- 
tial visual evaluation. For each type, means 
and standard deviations were calculated for 
each of the L, a, and b color values. The mean 
color values were tested by a standard t-test, 
(Netter et al. 1982, 1985). 
The results are shown in Table 2; all of the 
color values are significantly different between 
sapwood and heartwood at the 0.01 level of 
probability. Phelps et al. (1983) obtained sim- 
ilar success in delineating black walnut sap- 
wood and heartwood. Naturally, sapwood is 
lighter in color than heartwood; its redness- 
greenness value is higher, implying that heart- 
wood is more red than sapwood. Likewise, a 
higher yellowness-blueness value for sapwood 
attests to its being more yellow than heart- 
wood. The color values coincided with the vi- 
sual assessment quite well. The value of this 
result lies not with the fact that sapwood-heart- 
wood delineation can be made by colorimetric 
tactics, since this is a rather easily performed 
visual process. The value lies rather in apply- 
ing colorimetry to the grading of an entire flitch, 
or incorporating it into a manufacturing pro- 
cess whereby sapwood and heartwood can ef- 
ficiently be identified and separated in an au- 
tomated clipping process. In this way much 
more efficient evaluation and utilization of ve- 
neer could be made. 
Ability of color information to 
detect and identify defects 
Defect detection and identification are prob- 
ably the most important criteria for grading 
black walnut veneer other than color. The lo- 
cation, type, and size of defects present in the 
veneer are major factors in determining veneer 
grades. In general, defects exhibit different col- 
ors than clear wood. Knots, checks, and splits 
tend to be darker than clear wood, whereas 
decay tends to be lighter and holes allow back- 
ground material to be seen through the veneer 
(Conners et al. 1983; Juvonen 1985; Thunell 
1985). These characteristics of defects suggest 
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TABLE 1. A N 0  VA-of; between and within grade color. ent in color from the color value determined 
Degrees F values 
of 
freedom L a h 
Grade 6 0.819 0.402 0.750 
Sheet 6 52.807** 2.633* 16.731 
Speci- 
mens 249 144.17** 151.03** 147.58** 
Notc: Shcct 1s nested w~thin Grade; Specimens are nested w ~ t h ~ n  Sheet 
w ~ t h ~ n  Grade. 
** S~gn~ficant a  the 0.01 level: * S~gmficant at thc 0.05 level. 
that color information can be used to deter- 
mine the presence of defects. L values should 
be a preferred color measurement since the 
color values for knots and splits were expected 
to be lower, i.e., darker brown, than clear wood. 
The white background material was expected 
to cause L values for holes to be higher than 
those for clear wood and for a and b values to 
be approximately zero. The hypothesis that 
color values can be used to detect defects in 
walnut veneer was tested by comparing color 
values for clear wood areas to those for im- 
mediately adjacent areas containing various 
defects. 
The ability to detect defects and identify their 
nature and size turned out to be a difficult task. 
Two port sizes were used, '/2-inch square and 
%-inch square, for comparison. Logarithmic 
transformations of sums of squares and dis- 
criminate analyses were required to obtain 
meaningful results. 
There was a large degree of color variation 
within the various veneer sheets, so much so 
that any between sheet variation was masked. 
As a result, even though areas containing de- 
fects, or the defects themselves, appear differ- 
ent in color than surrounding clear wood, the 
defected areas may not be significantly differ- 
TABLE 2. Cornpar~son ofsapwood and heartwood color. 
from an analysis of an entire sheet. Thus, it 
was hypothesized that defect detection could 
be accomplished only by comparison of two 
closely adjacent areas, one with a defect and 
the other clear. Further, it was decided to use 
two different-sized areas for comparison. One 
size area contained data points that included 
the viewing-port-sized test point (containing 
either a defect or an area of clear wood) and 
one row and one column on each side of the 
test point, providing a 3 x 3 matrix of 9 data 
points for analysis. The second size area uti- 
lized data points that were within two rows 
and two columns of the test point, providing 
a 5 x 5 matrix of 25 data points for analysis. 
The two matrix sizes were studied since some 
defects are not clearly delineated by distinct 
color changes and a larger background area 
could enhance defect detection. Hypothetical- 
ly, a defect centered within a matrix of eval- 
uated points should appear markedly different 
in color from surrounding wood when com- 
pared to the color of a centered, nondefected 
point relative to its surrounding matrix of col- 
or evaluated points, regardless of localized col- 
or shades within a veneer sheet. 
To measure the variability of color around 
a defect, the median color value for the 9 or 
25 test points was calculated. Then the sum of 
squares of the deviations of individual points 
from the median was computed. To stabilize 
the variability of these sums of squares, anal- 
ysis was performed on the logarithms of these 
quantities. 
Thus, sums of squares for L, a, and b values 
were calculated for the two sets of test points 
for each defect sample studied; one test point 
set contained a defect, while the other con- 
Sapwood Heanwood 
('olor value Mean Standard devlat~on Mean Standard deviat~on l statlstlc 
L 65.442 5.774 53.902 2.940 40.938** 
a 3.141 4.126 3.428 3.228 -7.220** 
b 13.383 2.533 1 1.709 1.642 27.383** 
** Significant at the 0.01 level. 
104 WOOD AND FIBER SCIENCE, JANUARY 1992, V. 24(1) 
TABLE 3. Classification ofdefects and clear wood with aN 
transformed color values (using one row and one column 
around the test point, K-inch port). 
Analysls classification 
Defect Clear wood 
Actual classl- 
hcatlon Number Percentage Number Percentage 
Defect 51 78.46 14 21.54 
Clear wood 10 15.38 55 84.62 
tained clear wood for comparison. The test 
points were selected such that all of the sur- 
rounding, contiguous data points contained 
only clear wood. The sums of squares calcu- 
lated for test points with a defect were expected 
to be significantly higher than the sums of 
squares of test points with clear wood due to 
the differences in color between defects and 
clear wood. If the sums of squares could be 
shown to be consistently different, it was rea- 
soned that defects could be detected by col- 
orimetric techniques. Paired t-tests of the log 
transformations were performed. The means 
of the logs of the sums of squares were signif- 
icantly higher (significant at the 0.01 level of 
probability) than those for clear wood for all 
color values. Although these calculations are 
rather complex, the procedure does permit the 
detection of defects and can readily be pro- 
grammed for a PC. 
Discriminate analyses were performed on 
the logarithms of the sums of squares to eval- 
uate not only the ability ofthe above procedure 
to consistently detect defects, but to evaluate 
the accuracy of detection as well. Discriminate 
analysis is a statistical technique that provides 
a numerical evaluation of the percentage of 
defects actually identified correctly as defects 
and, also, the percentage of nondefect areas 
properly classified as clear areas. Thus, the 
ability of the technique to correctly, or incor- 
rectly, spot a defect when one exists and to not 
spot a defect when there is none present can 
be assessed. The analyses were performed us- 
ing lightness-darkness, redness-greenness, yel- 
lowness-blueness, and the combination of all 
three values as variables. 
Table 3 shows the results of the discriminate 
analyses for the three color values calculated 
using one row and one column data around 
the test point. The table presents the number 
of "defect" areas properly identified (for ex- 
ample, 51 defects; i.e., 78%) and the number 
of "defect" areas improperly identified as clear 
wood (for example, 14 defects; i.e., 22%). The 
results are satisfactory for individual color 
variables, but the combination of all three col- 
or variables (Table 3) exhibits the best results, 
correctly identifying 78% of the defects and 
85% of the clear wood areas. Transformed yel- 
lowness-blueness values are able to distinguish 
defects as well as using all three variables but 
are slightly less useful in consistently iden- 
tifying clear areas. Transformed lightness- 
darkness and redness-greenness values give 
similar results. Both correctly identified de- 
fects 69% of the time and clear areas somewhat 
over 70% of the time. These results show that 
transformed color values can be used to detect 
defects in black walnut veneer and that the 
combination of all three transformed values 
produces the best results, correctly classifying 
more defects and clear wood areas than any of 
the individual color values. A lacking, but in- 
teresting and valuable, piece of information 
would be a similar analysis of defect detection 
using the present visual grading system. One 
would like to think that the visual graders are 
keen-eyed; however, studies of dimension 
lumber mill graders (Huber et al. 1985) indi- 
cate that accurate defect detection and assess- 
ment over time are not as good as desired and 
are very similar to the results found in this 
study. 
Discriminate analyses were also performed 
on transformed color values calculated using 
two rows and two columns around the test 
point. Overall, results for classification using 
these data were not as good as results calcu- 
lated with only one row and column. 
Defect detection by defect type and 
defect size 
Although colorimetric techniques can be de- 
veloped to detect defects and consistently dis- 
criminate between clear wood and defects. it 
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is also necessary to be able to distinguish be- 
tween different types and sizes of defects. To 
determine the ability of the color information 
collected to identify defect type and size, dis- 
criminate analyses were performed using three 
defect types (knots, splits, and holes) and five 
defect sizes ('/,+-, '/,-, 3/,,-, '/,-, and <%-inch), 
for the M-inch port size only. 
Results of discriminate analyses performed 
on defect types are shown in Table 4. As with 
discrimination between defects and clear wood, 
the combination of all three transformed color 
values exhibits the best ability to classify de- 
fects as to type. Classification of knots and 
splits appears to be quite good, 98 and 80°/o, 
respectively (Table 4). However, holes were 
not classified with as much reliability, with 
only 43% being correctly identified. These re- 
sults may be somewhat misleading because of 
the relatively large differences in the number 
of each type of defect examined. The large 
number of knots included in the analysis tend- 
ed to improve knot identification. This trend 
is also evident in the analyses using individual 
color values. Most of the defects are classified 
as knots, regardless of what the defect actually 
was; for example, the L and b analyses placed 
very few or no defects in the split and hole 
categories. Further investigation utilizing more 
splits and holes must be performed to deter- 
mine the accuracy of the transformed color 
values in identifying defect types. 
The poor classification of holes may be 
caused by two factors. First, small holes do not 
allow background material to make up a very 
large portion of the viewing area; i.e., the effect 
of the white background on the color values is 
less for small holes than for larger ones. Hence, 
for small holes, the transformed color values 
do not vary significantly from those of knots 
and splits. Also, several holes were surrounded 
by dark-colored wood. The dark material 
tended to nullify the effect of the white back- 
ground of the hole, causing the hole to be clas- 
sified as similar in appearance to the knots and 
splits. 
Although defect type classification was suc- 
cessful for the %-inch port size, the combi- 
TABLE 4. Classification of defect types with all trans- 
formedcolor values (using one row and one column around 
the test point, '/2-inch port). 
Analysis classification 
Actual Knot Spllt Hole 
classifi- 
cation No. Percent No. Percent No. Percent 
Knot 52 98.1 1 0 0.00 1 1.89 
Split 1 20.00 4 80.00 0 0.00 
Hole 2 28.57 2 28.57 3 42.86 
nation of defect type-defect size classification 
was not successful. Discriminate analyses 
placed most of the defects into the '/4- and 
%-inch categories contrary to the actual dis- 
tribution of defect sizes, (Table 5). However, 
the large number of defects in these two size 
classes may have influenced the analysis. Fur- 
ther examination of classification of defects by 
size must include more examples of each of 
the size categories. 
Use of one row and one column data points 
around a test point for sums of squares cal- 
culations provided the best defect detection 
results; use of two rows and columns did not 
improve the results. Use of all three color val- 
ues distinguishes between defects and clear 
wood better than use of any of the color values 
alone. The conclusion is that size of defect 
cannot be determined with accuracy with this 
color measurement technique without im- 
provement in either equipment or method. 
In order to compare the accuracy of iden- 
tification of defect type and defect size for the 
two port sizes, additional color information 
was collected on seven veneer samples with a 
'/&inch viewing port. The same procedure was 
used except, of course, that the Ih-inch port 
produced data for greatly reduced areas. It was 
found that defects could not be separated from 
clear wood with sufficient consistency to allow 
defect detection based upon L, a, or b color 
values. This result is no different from that 
found for the I/~-inch port. Logarithmic trans- 
formations performed on the sums of squares 
of the color values reduced the variability of 
the values, but still produced no usable trends. 
Paired t-tests of the mean differences of the 
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TABLE 5.  Clas~ificution of defect sizes wifh all transformed color values (using one row and one column around the test 
point, "5-inch port). 
Analysis classihcation size (in.) 
Actual I,, t / 1 K 1, 
class 
, ,?  
No. percent No percent No. percent No. percent No. percent 
- 0 
'/Z+ 2 50.00 1 25.00 0 0.00 0 0.00 1 25.00 
x 1 3.70 18 66.67 0 0.00 7 25.93 1 3.70 
% 6 0 0.00 1 20.00 0 0.00 4 80.00 0 0.00 
% 0 0.00 12 50.00 0 0.00 12 50.00 0 0.00 
< x  0 0.00 0 0.00 0 0.00 1 20.00 4 80.00 
logarithms of the sums of squares for one row 
and one column around the defect indicated 
that only the lightness-darkness (L) data can 
be used to detect defects with any accuracy 
(significant at the 0.05 level of probability). 
Using two row and two column data showed 
a significant difference between defected areas 
and clear wood areas for the yellowness-blue- 
ness (6) data only. It was concluded that for 
defect detection the '/2-inch port size is defi- 
nitely preferred. Again, the relatively small 
number of defects studied in the sample could 
have influenced the results. 
SUMMARY 
In conclusion, a colorimeter measures color 
consistently over the period of time required 
to collect color data on black walnut veneer 
sheets, and the repeatability of the color mea- 
surements eliminates equipment and meth- 
odology variation as a factor affecting data col- 
lection and analysis. It appears that in so far 
as veneer sheet color and degree of color uni- 
formity are concerned, between grade differ- 
ences are not discernible; walnut veneer sheets 
of the same grade exhibit considerable varia- 
tion in color. It is apparent that colorimetry 
can offer grading/segregation improvements if 
suitable, specialized equipment becomes 
available; however, the need for final human 
judgment in classifying and assessing mone- 
tary value of veneer will be required. Color- 
imetry techniques can readily evaluate and 
quantify sapwood-heartwood proportions. This 
could, conceivably, be linked to a clipper to 
advantage. Colorimetry techniques can also 
detect the presence of defects with reasonable 
consistency. Defect size classification, how- 
ever, needs more investigation. Colorimetry 
techniques require relatively expensive equip- 
ment at this time and operate rather slowly. It 
is anticipated that cost and speed problems can 
be overcome in time by equipment manufac- 
turer research. The potential advantages of 
these techniques include automation, in- 
creased accuracy in grading (repeatability), nu- 
merical evaluation and comparison of flitch 
and/or sheet grades, and the ability to measure 
every sheet in a flitch to obtain a true flitch 
quality profile for high-valued species. 
ACKNOWLEDGMENTS 
The authors wish to express their gratitude 
to Amos-Hill Associates of Edinburgh, IN 
46124, for their assistance in obtaining rep- 
resentative veneer samples and to the Color- 
smith Company for their assistance in cali- 
bration and use of semi-automated colorimetry 
techniques and equipment. 
REFERENCES 
ANON. 1956. Wood . . . Colors and kinds. USDA Forest 
Service. Agricultural Handbook No. 10 1. 36 pp. 
BILLMEYER, F. W., JR. 1969. Comparative performance 
of color-measuring instruments. Applied Optics. 8(4): 
775-783. 
-, AND M. SALTZMAN. 1981. Principles of color 
technology. Wiley-Interscience Publications. John Wi- 
ley and Sons, Inc., New York, NY. 
BRAUNER, A. B., AND W. E. LOOS. 1968. Color changes 
in black walnut as a function of temperature, time, and 
two moisture conditions. Forest Prod. J. 18(5):29-34. 
CONNERS, R. W., K. LIN, C. W. MCMILLIN, AND R. E. 
VASQUEZ-ESPINOSA. 1983. Identifying and locating 
surface defects in wood: Part of an automated lumber 
processing system. IEEE Transactions on Pattern Anal- 
ysis and Machine Intelligence. PAMI-5(6):573:583. 
Boardman ef al. -COLOR GRADING BLACK WALNUT 107 
HUBER, H., E. MCMILLAN, AND J. MCKINNEY. 1985. 
Lumber defect detection abilities of furniture rough mill 
employees. Forest Prod. J. 35(11/12):79-82. 
HUNTERLAB PROCESS MONITORING AND CONTROL DIVI- 
SION. 1985. Analyzing appearance by measurements. 
Technical Brochure. Hunter Associates Laboratory, Inc. 
Reston, VA. 
. 1987. Tristimulus calorimeters. Technical Bro- 
chure. Hunter Associates Laboratory, Inc. Reston, VA. 
JUVONEN, R. 1985. Automatic lumber quality grading 
in practice. Pages XV-I to XV-5 In Proceedings of the 
First International Conference on Scanning Technology 
in Sawmilling. Miller Freeman Publications, San Fran- 
cisco, CA. 
KOWLEK, W. F. 1982. Variations in leaf coloration using 
a reflectance colorimeter. J. Arboricul. 8(6): 157-1 59. 
MOSLEMI, A. A. 1967. Quantitative color measurement 
for black walnut wood. USDA Forest Service North 
Central Experiment Station. Research Paper NC- 17. 16 
PP. 
-. 1969. Quantitative color characterization for 
loblolly pine veneer. Wood Science. 2(1):61-64. 
NETTER, J., W. WASSERMAN, AND M. H. KUTNER. 1985. 
Applied linear statistical models. Richard D. Irwin, Inc., 
Homewood, IL. 
--, AND G.  A. WHITMORE. 1982. Applied 
statistics. Allyn and Bacon, Inc., Boston, MA. 
PHELPS, J. E., E. A. MCGINNES, JR., H. E. GARRETT, AND 
G. S. Cox. 1983. Growth-quality evaluation of black 
walnut wood. Past 11-Color analysis of veneer pro- 
duced on different sites. Wood Fiber Sci. 15(2): 177-1 85. 
THUNELL, B. 1985. What should we claim on a lumber 
grading installation? Pages XIV-I to XIV-8 rn Proceed- 
ings of the First International Conference on Scanning 
Technology in Sawmilling. Miller Freeman Publica- 
tlons, San Francisco, CA. 
